L. TRYPHONAS, L. W. SCHWARTZ, S. LEVIN, AND W. M. HASCHEK Toxicologic pathology, a pivotal health science that integrates experimental and diagnostic pathology with toxicology, is a growing specialty. This discipline has become increasingly important as society's awareness of and interest in the health risks associated with environmental contaminants, food adulteration, and the consumption of medicines have intensified. These events have made the review of education and training of toxicologic pathologists a high priority for both the Society of Toxicologic Pathologists (STP) and the American College of Veterinary Pathologists (ACVP).
The STP is an organization devoted to the advancement of toxicologic pathology. Its membership consists primarily of veterinary pathologists (76% in 1994). The remainder of the membership is divided approximately equally between physicians (1 1%) and biologists (13%). Currently, 49% of the members are Diplomates of the ACVP, an organization that has established standards for training, experience, and certification by examination in the broader specialty of veterinary pathology.
Education and training of toxicologic pathologists, when reviewed at both national and international levels, has been highly variable. This variability has convinced the STP leadership and pathologists in industrial management positions that training in toxicologic pathology would benefit from a clear definition of both the discipline and an educational curriculum that addresses the collective needs of both trainees and employers.
To address these issues, the STP appointed an ad hoc Educational Standards Committee to propose educational standards for trainees in toxicologic pathology and to define an educational strategy that would best prepare trainees to meet the expectations of a graduate in toxicologic pathology. The standards defined by this committee are available from the STP in a document titled "Education and Training in Toxicologic Pathology: A Curriculum and Certification Proposal" (available by request from the Society of Toxicologic Pathologists, Executive Office). To stimulate the development of appropriate training programs and ensure achievement of these standards, a board certification in toxicologic pathology could be established. Certifying boards have been *The opinions expressed in this commentary do not necessarily represent the position of the American College of Veterinary Pathologists or its officers.
'Reprinted in its entirety with permission of the Society of Toxicologic Pathologists (Tox Path 22:330-332, 1994).
established in Europe and Asia. In North America, a first step in addressing these issues has been the appointment of a joint ACVP/STP Task Force. In this commentary, we address concerns raised in response to an STP opinion poll conducted in June 1993, at the ACVP colloquia held in December 1993, at joint STP/ACVP Task Force meetings, and by recent actions of both European and Asian toxicologic pathology societies. There are six key questions.
Where Are Toxicologic Pathologists Employed and What Are Their Responsibilities? Toxicologic pathologists (STP membership) are employed by industry (77%), government @%), and academic ( 14%) institutions. Their responsibilities include discovery, development, safety, and risk assessment of drugs, chemicals, biologicals, and medical devices; research on toxic substances, environmental contaminants and mechanisms of toxicity; diagnosis of chemically induced diseases in humans and animals; and teaching of undergraduates and graduates.
Toxicologic pathologists play a central role in assessment of the potential human health risks of xenobiotics by identifying their effects on experimental animals and interpreting biologic significance. Toxicologic pathology is a medical discipline requiring a solid basic science and clinical foundation in addition to specialization in pathology and toxicology. Veterinarians and physicians are uniquely qualified because they possess extensive anatomical, biochemical, and clinical experience. Veterinarians also have an excellent background in comparative medicine.
Are Toxicologic Pathologists Adequately Trained?
The responsibilities of toxicologic pathologists require specialized knowledge that differs substantially from that presently obtained from classical training programs in anatomic and clinical pathology. Training in toxicologic pathology must reflect the integration of pathology and toxicology in an experimental setting. Classical programs typically lack a strong emphasis in toxicology, pharmacokinetics, pharmacodynamics, and statistics.
Advanced training in pathology for veterinarians and physicians has generally been through residency programs that emphasize diagnostic pathology and/or research programs leading to a Ph.D. degree. Biologists that enter the specialty of toxicologic pathology have generally completed a Ph.D. program in experimental pathology. In either situation, few training programs provide a systematic exposure to the disciplines related to toxicology and pharmacology. Few trainees are exposed to multidisciplinary team approaches to research, most lack training in the basic principles of xenobiotic metabolism and distribution, and many have inadequate oral and written communication skills. These deficiencies result in considerable on-the-job training, thus causing a delay in achieving maximum productivity and limiting career growth. Although onthe-job training will always be necessary, the goal of academic programs should be to limit this requirement. Without additional training, pathologists entering the discipline of toxicologic pathology may function primarily as diagnostic pathologists, leaving the more challenging analysis and interpretation of data to others whose background often lacks clinical experience. Although these diagnostic pathologists perform an important service, they are excluded from decision-making processes and leadership roles. The Educational Standards Committee believes that existing pathology training programs do not provide the new graduate with the optimal multifaceted education that is needed to meet the current and future challenges of toxicologic pathology. Because of the requirement for interdisciplinary interactions, increasing research responsibilities, and leadership abilities expected of toxicologic pathologists by both employers and society, training programs that focus on the discipline of toxicologic pathology must be developed.
How Can Educational Programs in Toxicologic
Pathology Be Improved? The objective of educational programs in toxicologic pathology is to develop scientists specifically trained to function as competent and innovative professionals, able to assume leadership roles in industry, government, and academia. There are at least two alternative methods by which current programs can be modified. One alternative requires restructuring of existing programs. The other, less desirable, approach requires trainees to "add on" courses to existing programs, thus extending the length of training.
Restructuring of existing programs has the advantage of providing the desired training in an effective and efficient manner. The training should be based on pathology, toxicology, and experimental methods. Most universities already have curricular components necessary to meet this need; however, these components are rarely integrated into a well-balanced toxicologic pathology training program. An ideal training program would culminate in the candidate earning a Ph.D. degree and would provide eligibility for a certifying examination.
"Education and Training in Toxicologic Pathology: A Curriculum and Certification Proposal'' is intended to assist universities and faculty in establishing or restructuring a training program and to guide aspiring trainees into a cumculum that will optimize their efforts. Most universities capable of meeting present training requirements for ACVP eligible veterinary pathologists could restructure programs by integrating core courses from pharmacology and/or toxicology programs. It is encouraging that at least two universities in North America (University of Illinois and Purdue University) have established specialty training programs in toxicologic pathology in accordance with the philosophy expressed in this STP guide.
Partnerships between industry and/or government institutions and academia will be essential for the success of such programs. Industry and/or government must assist academic institutions by providing opportunities for fellowships, externships, or cooperative programs. STP leadership and membership must actively assist in attracting the most qualified students.
Who Benefits from Improved Training Programs?
The beneficiaries of training programs in toxicologic pathology will be the trainees, employers (industry, government, academic institutions), and society. Properly trained professionals will be better prepared to assume leadership roles and thus promote a healthy and safe environment.
Benefits to pathology trainees will include availability of a more direct mechanism for specialty training, reduced time for completing their training, and increased competitiveness for employment. The training will prepare them for meaningful interaction with scientists from related disciplines and allow them to function effectively on teams.
Academic institutions that develop training programs in toxicologic pathology will benefit from interaction with industry. These benefits would include participation of industry scientists in teaching programs, potential industrial support of students and training programs, and collaborative research. This research could increase access to state-of-the-art technology and competitiveness for extramural funding.
A major benefit to employers would be the availability of a pool of highly qualified scientists able to make important contributions rapidly and interact effectively with multidisciplinary research teams in the discovery and development process. Tryphonas, Schwartz, Levin, and Haschek Vet Pathol 32:2, 1995 
Should Specialists in Toxicologic Pathology
Be Certified? Certification provides formal recognition that an individual has achieved an acceptable level of excellence in a chosen field. Certification is additional evidence that the training program completed by that individual meets the educational standards required by the certifying body.
Certification in toxicologic pathology would formally identify toxicologic pathology as a specialty, recognize an individual's competence within the specialty, and establish a benchmark that would serve to ensure that training programs meet the needs of the specialty. In this time of global commerce and regulation, it is important that there be an internationally recognized standard of competence for toxicologic pathologists, who assure the safety of the environment and products to which people and animals may be exposed.
How Could Certification Be Accomplished?
The Society of Toxicologic Pathologists has considered various options for certification in toxicologic pathology. Because the ACVP currently sets the standard of excellence in veterinary pathology and 76% of STP members are veterinarians, the STP believes the ACVP should administer certification of toxicologic pathologists. Therefore, the STP has requested that ACVP consider modifying its examination format to allow an option for certification in toxicologic pathology similar to that now available for clinical pathology. This approach appears reasonable because more than 50% of ACVP members are currently engaged in the practice of toxicologic pathology, in contrast to only 1 1 Yo practicing clinical pathology.
Preliminary discussions with the STP membership (STP opinion poll) and the ACVP (ACVP colloquia and Council) regarding certification in toxicologic pathology have not been met with enthusiasm. However, to ignore the growing importance of the specialists in toxicologic pathology and the global discrepancies in educational standards by which this discipline is measured would be irresponsible. At its June 1994 meeting, the STP Executive Committee reaffirmed its position that certification in toxicologic pathology is desirable.
Conclusions
STP and ACVP must be guided by the opinions voiced by their memberships, but ultimately both organizations must provide leadership and vision relative to the future of the discipline and the professionals they serve. The process of training and certification of anatomic and clinical pathologists is not broken nor is the product flawed. However, as was recognized earlier with veterinary pathology and more recently with clinical pathology, it is now time to recognize the specialty of toxicologic pathology. This specialty has moved beyond the traditional veterinary pathology training, which focuses on infectious disease, large animal and companion animal pathology, and diagnostics. One cannot expect that the undirected graduate will naturally develop excellence in the principles of toxicology or understand mechanisms of xenobiotic metabolism. There is a need to readdress the educational process and the standards of excellence by which specialists in toxicologic pathology are measured. Our commitment to improving recognized deficiencies and establishment of expectations will move toxicologic pathology forward and create opportunities for those who follow.
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